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Helium Disappearance in Arc Discharge ‘Tubes 


Electron tubes filled with a noble gas such as argon, 
neon, or helium are now widely employed in many 
_.kinds of electronic equipment, and the problem of gas 
disappearance in these tubes is of considerable im- 
portance. Since gas density is independent of temper- 
ature, gas tubes have a distinct advantage over those 
filled with a metallic vapor such as mercury where the 
electrical characteristics change with the thermal varia- 
tions in vapor density. On the other hand, the life of 
gas-filled tubes is limited by a gradual reduction in gas 
pressure with use. This tendency of filler gases io 
disappear from the tube volume is known as “‘clean- 
up’ and is generally thought to result from the bom- 
bardment of negatively charged electrodes by high- 
velocity positive gas ions that penetrate the metal 
surfaces and become permanently trapped. 

An understanding of clean-up under laboratory con- 
ditions will enable tube designers to choose the best 
combination of structural materials for longest tube life 
in a given application. Past studies of gas absorption 
in electrical discharges are difficult to apply because 
of wide variations in experimenial conditions and 
techniques. 

Martin Reddan of the Bureau’s electron tube labora- 
tory has been carrying on a study of clean-up phe- 
nomena in a specially designed discharge tube with a 


replaceable tantalum probe wire to collect the positive. 


ions. During operation, the rate of gas clean-up is 
measured for various negative direct-current potentials 
on the probe in the presence of an arc discharge. In 
addition to the probe wire, this helium-filled discharge 
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tube employs an oxide-coated cathode and a nickel 
anode. 

All gas disappearance other than clean-up into the 
negative probe is designated as “self” clean-up. It is 
reasonable to expect that this gas loss is caused by 
clean-up into the other electrodes and sputtered deposits 
or by leakage through the tube wall. The diffusion of 
helium through hard glass envelopes has been checked 
and found to be negligible at the usual operating tem- 
peratures and pressures. Since the anode in the dis- 
charge tube is maintained at a higher positive potential 
than any other element, positive gas ions will not be 
attracted to the anode, and clean-up there is not to be 
expected. On the other hand, the cathode probably 
accounts for the major part of self clean-up in arc- 
discharge tubes. 

Since self clean-up cannot be avoided completely, its 
value is determined experimentally by operating the 
discharge tube with a positive probe voltage so that 
electrons rather than positive ions are drawn to the 
probe. Each test run is preceded by a self clean-up 
run, yielding a correction factor for the net clean-up 
into the probe. To avoid overheating the probe wire, 
negative voltage is applied in pulses of several millisec- 
onds duration repeated several times a second. 

A necessary condition for reproducible results is that 
the filler gases be of uniformly high purity. Baromet- 
rically operated mercury cut-offs have been employed 
in the vacuum system, and contamination from stopcock 
vapors or leakage is prevented by introducing the gas 
through a pair of fritted glass disks, which can be com- 
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pletely covered with mercury to interrupt the gas flow. 
Before a noble gas is admitted to the discharge tube, 
the small amounts of impurities that may exist in the 
unopened flask are eliminated by passing the gas over 
hot zirconium and tantalum gettering wires. 

With a known tube volume, the total number of ions 
trapped during a test run may be computed from the 
observed drop in pressure, whereas the number of ions 
striking the probe can be found directly from the ob- 
served probe current. These data have been used to 
construct a graph that illustrates the dependence of 
clean-up on probe voltage. Care was taken to insure 
that the thickness of the ion sheath around the probe 
wire was considerably smaller than the mean free path 


When the special arc-discharge tube is in operation, ion- 
ized helium in the discharge column gives off enough 
rose-colored light to illuminate the other apparatus 


The tube contains a nickel anode, a tantalum 
probe, and an oxide-coated cathode. 


clearly. 


of the gas ions, so that the ion energy could be deter- 
mined from the probe potential. 

Further problems under study include the complete 
recovery of trapped gas, a determination of the amount 
of gas that can be absorbed by the probe before satura- 
tion occurs, and a correction of the probe current for 
electron emission. Now that satisfactory techniques 
have been developed for a particular probe material 
and filler gas, these methods can be extended to other 
solids and noble gases of interest to tube designers. 


Plotted points summarize data giving the ratio of the 
number of helium ions trapped by the tantalum probe 
compared to the number striking the probe. 
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A Primary High-Frequency Voltage Standard 


— Recognizing the importance of high-frequency stand- 

ard voltage in the field of radio and electronics, the 
National Bureau of Standards is developing primary 
standards of voltage for radio frequencies up to sev- 
eral hundred megacycles. This work is being carried 
on by M. C. Selby, under the direction of W. D. George 
of the Bureau’s Central Radio Propagation Laboratory, 
as part of a broad program to develop national stand- 
ards for electrical quantities at all radio frequencies. 

Precision voltage standards are urgently needed by 
communications services and research groups in the 
adjustment of many laboratory and field instruments 
operating at high frequencies. The calibration of 
signal generators, field-intensity meters, radio re- 
ceivers, and vacuum-tube voltmeters depends en the 
accuracy of available reference standards. 

A practical high-frequency voltage standard must 
combine reliability with maximum precision and should 
approach as closely as possible the accuracy of the 
direct-current voltage standard—the standard cell. 
With this in mind, the Bureau has concentrated on 
methods of measuring single-frequency voltages di- 
rectly in terms of a standard direct-current cell. Spe- 
cific techniques have been chosen for best time- 
efficiency and accuracy over the widest range of voltage 
and frequency, without using frequency corrections. 
Reliability has been achieved by cross-checking the 
results of several independent methods based on dif- 
ferent principles. Repreducibility of results and 
agreement between individual primary-standard meth- 
ods is required within +1 percent, since measurements 
to that accuracy are considered to be of good precision 
in the high-frequency region. 

One of the techniques developed by the Bureau that 
satisfactorily meets the basic requirements for a pri- 
mary standard is the voltage-measuring bolometer 
bridge (a modification of the better known radio-fre- 
quency power-measuring bridge), utilizing the depend- 
ence of bolometer resistance on power dissipation. In 
this method, a direct-current bridge with a belometer 
in one of its legs is first balanced on direct current. 
Radio-frequency power is then substituted for some of 
the direct-current power and the bridge is rebalanced. 
The amount of radio-frequency power equals the dif- 
ference in direct-current power required for balance 
in each case. 

In the application of the bolometer bridge to high- 
frequency voltage measurements, the reactive com- 
ponent of the bolometer impedance must be known, 
although it has no bearing en the accuracy of high- 
frequency power measurements. For that reason, 
in high-frequency voltage measurements the bolometer 
impedance configuration must be accurately known, 
and the direct-current voltage across the bolometer 
sheuld equal the rms value throughout the required 
frequency range. This condition can be met only if 
the bolometer admittance consists effectively of pure 
conductance shunted by. an incidental reasonable value 
of positive or negative susceptance. 


Several major developments made possible the ap- 
plication of the bolometer bridge to high-frequency 
voltage measurements. A type of bolometer remark- 
ably suited to the job was fortunately available in the 
form of microscopically small thermistors (0.015-inch 
diameter). The careful design of a special mount for 
a two-thermistor arrangement eliminates frequency 
corrections. This type of mount reduced the tempera- 
ture-time lag of the thermistors and consequently re- 
duced the time required to obtain a bridge balance. 
Special switching, shorting, and interlocking circuitry 
was developed to replace radio-frequency power by 
direct-current power instantaneously. This arrange- 


ment provides for very close and frequent checking of 
bridge balance with and without radio-frequency, 
largely eliminating interference from incidental drifts 


a 
Effective coverage is provided in the range from 20 milli- 
volts to 10 volts at frequencies up to 50 megacycles, and 
from 20 millivolts to 1.5 volts up to 800 megacycles, by 
the new primary radio-frequency voltage standard. The 
equipment is shown in an experimental arrangement, 
with the thermistor mount and coaxial switch at left. 


of ambient temperature and direct-current voltage 
sources. In addition, this circuit arrangement allows 
maximum precision in the measurement of very small 
increments of large direct-current voltage values. 

The thermistor bridge has been used so far in the 
voltage range from 20 millivolts to 1.5 volts at all fre-_ 
quencies from audio to 800 megacycles. The top fre- 
quency limit may be considerably higher, but this limit 
will not be established until other independent methods 
are available at the higher frequencies. In the region 
from 200 to 800 megacycles, the thermistor bridge was 
checked against power measurements based on the 
voltage distribution along a slotted transmission line. 
The accuracy of the data in this frequency range is 
limited by the inadequate precision (about +5 per- 
cent) of the slotted transmission lines available at 
present. Up to 200 megacycles, several independent 
methods—cathode-ray oscilloscopes, thermoelements, 
and electrostatic voltmeters—agreed to within 1 per- 
cent. The higher voltage range was extended to 10 
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volts in the frequency range up to about 50 megacycles 
by using thermistor beads of a considerably larger 
diameter. 

Extending the lower limit of standard voltage to the 
millivolt range makes possible more accurate voltage 
determinations with the help of standard attenuators 


in the critical microvolt region. Because of imperfec- 
tions in attenuators for VHF and UHF applications, a 
more accurate microvolt may be realized by using a 


A two-thermistor mount is an essential element of the 

new NBS primary radio-frequency voltage standard. 

The thermistors are placed in the gap just outside of the 

center disk. Arranged clockwise are an extra core for 

large thermistors, diagram of section including a ther- 

mistor (enlarged), 5 enlargement of two thermistor 
beads, and terminal plate. 


standard millivolt and a 60-decibel attenuator rather 
than a standard volt and a 120-decibel attenuator. For 
that reason, the Bureau is attempting to obtain as low a 
standard voltage as possible. The attenuation of 
standard attenuators may be measured directly in terms 
of voltage ratios, a very useful technique in cases where 
attenuator input power must be kept low. 

Individual factors limiting voltage accuracy have 
been analyzed and correlated with voltage range. 
These include effective thermistor sensitivity, bridge 
sensitivity, stability of the direct-current voltage sup- 
ply, irreducible voltage drops in the circuit, thermal 
voltages, and ambient temperature variations, as well 
as limitations in measuring direct-current voltages and 
the resistance of bridge elements. 

The low-voltage limit measurable with a total ac- 
cumulated error of 1 percent has been evaluated by 
assuming a possible 0.1 percent contribution from indi- 
vidual factors; the computed low-voltage limit agrees 
closely with the experimental value. Mounting a large 
number of thermistors in a_series-parallel circuit 
promises to reduce this low limit still further. Con- 
necting the thermistors in parallel for radio-frequency 
and in series for direct-current balancing produces low 
over-all radio-frequency resistance and voltage without 
sacrificing direct-current precision. 


lonospheric Prediction Aided by Use of Antipodal 


Points 


Recent findings at the National Bureau of Standards 
make possible a mere complete picture of world-wide 
ionospheric conditions, thus facilitating the Bureau’s 
task of predicting propagation conditions for long- 
distance radio transmission. Statistical analyses of 
icnospheric soundings indicate that the ionospheric 
characteristics observed at a station in a given latitude 
and longitude and at a given season of the year are 
closely simulated by a station at the antipodal point, 
on the other side of the earth, for the corresponding 
season. The over-all result of this work by Gladys 
White and R. F. Potter of the Bureau's radio propaga- 
tion laboratory, is thus to double effectively the num- 
ber of ionospheric sounding stations now available fer 
prediction purposes. 

Since Marconi’s first successful wireless experiment, 
increasing study has been given to the ionosphere, a 
series of ionized layers in the atmosphere 50 to 250 
miles above the earth, which make possible the trans- 
mission of radio signals over long distances. Because 
the ionosphere is made electrically conducting through 
the action of ultraviclet light, its index of refraction 
for radio waves is less than unity. Thus, radio waves 
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traveling in straight lines through the lower atmosphere 
are bent away from the vertical as they penetrate the 
layers of the ionosphere at an oblique angle. Eventu- 
ally, certain frequencies are returned to the earth's 
surface, where they are again reflected back toward 
the icnosphere. Were it not for these alternate reflec- 
tions by the ionosphere and the earth, it would be 
impossible to transmit any but purely local messages 
on high frequencies. 

The ionosphere continually exhibits fluctuating 
characteristics because of changes in the amount of 
ultraviolet light it receives from the sun. The study 
of solar activity as evidenced by sunspots thus becomes 
a means of predicting ionospheric conditions. The 
earth’s magnetic field also plays an important part 
in the distribution of ions. Other variations of the 
ionosphere with locality, season, and time of day or 
night constitute a complex geophysical phenomenon. 

Daily “soundings” cf the ionosphere are taken all 
over the world by an international network of 53 
ionosphere stations, 14 of which are operated or sup- 
ported by the National Bureau of Standards. These 
stations collect data by emitting pulses of radio waves 


vertically upward and then receiving their reflections 
with radar-like equipment. The frequencies used for 
the pulses are varied continuously over a wide range. 
As the pulses go to greater and greater heights, they 
encounter regions of increasing ion densities and cor- 
respondingly lower refractive index, so that a height 
may eventually be reached at which the refractive index 
is zero for a given frequency, and the pulse is reflected. 
On the other hand, the pulse may be of such high 
frequency that the ion density is not great enough to 
reflect it and it penetrates the region. The limiting 
frequency for reflection back to the earth at vertica 
incidence is known as the critical frequency; it is a 
measure of the maximum ion density. In addition to 
critical frequency, the daily soundings measure the 
heights of the various layers and indicate the degree of 
absorption of radio energy, which is related to the 
power required to transmit a given frequency over a 
particular distance. This information is correlated 
with sunspot predictions to provide the working data 
used by the Bureau in predicting radio propagation 
conditions. 

Although it has been possible in this way to estimate 
optimum operating frequencies for long-distance trans- 
mission between two points at a given time, the present 
limited network of ionosphere stations leaves many 
gaps on a world map of ionosphere observations. For 
many years a similarity has been noted, for corre- 
sponding seasons, between the ionospheric character- 
istics of stations oppositely located on the earth. In 
fact data at all stations in operation long enough to 
establish the pertinent trends have been applied to the 
respective antipodal points as an aid in predicting 
world-wide critical frequency distributions. However, 
until recently this relationship had not been quantita- 
tively verified. 

Watheroo, Western Australia, and Baton Rouge, 
Louisiana, are two existing stations that happen to be 
almost antipodal. To determine the relationship be- 
tween the readings of the two stations, the critical fre- 
quencies for the stratum of ions known as the F2 layer 
were studied by season at the Bureau for the years 1944, 
1945, 1946, and 1947. During these years, the sun- 
spot numbers were increasing, reaching a maximum 
in 1947, 

By use of a linear relationship between sunspot 
number and critical frequency, seasonal estimates of 
critical frequencies were made independently for the 
two stations. Both sets of estimates were then com- 
pared with the corresponding Baton Rouge observed 
seasonal averages, the December solstice in one hemis- 
phere being matched against the June solstice in the 
other. 

The deviations of the estimates from the observed 
values were computed for every other hour of the day. 


Average observations of critical frequencies (solid lines) 
at Baton Rouge, La., are compared with estimates made 
on the basis of past data from the same station (broken 
curve) and from Watheroo, Australia (dotted curve), a 
station almost antipodal to Baton Rouge. The good 
agreement obtained indicates that antipodal points of 
other stations may be used to extend the coverage of 
world-wide ionospheric conditions. 


The root mean squares of the deviations over the 4 
years for each season were then taken as an indication 
of the validity of estimates of ionospheric characteris- 
tics from antipodal points. The Watheroo summer 
estimates are somewhat higher than the observed criti- 
cal frequencies at Baton Rouge, but the estimates for 
winter and equinoctial seasons based on Watheroo data 
agree with the observed Baton Rouge data nearly as 
well as do those based on past Baton Rouge data. Both 
have root-mean-square deviations of approximately 
V4 megacycle during the winter equinoctial seasons. 

Comparisons were also made between observed 
ionospheric characteristics at Brisbane, on the eastern 
side of Australia, and the predicted characteristics 
calculated both from the Brisbane data and from the 
Watheroo data. Brisbane and Watheroo are about 
the same distance from the geographic equator, but 
Brisbane is 6 degrees nearer the geomagnetic equator 
than Watheroo. Comparison of the Baton Rouge and 
Brisbane results indicate that Watheroo is just as 
efficient for predicting Baton Rouge as it is for pre- 
dicting Brisbane. Since Baton Rouge is almost as far 
in longitude from the antipodal peint of Watheroo as 
Brisbane is from Watheroo itself, part of the discrep- 
ancy in the characteristics of Baton Rouge as calculated 
from Wateroo data may be attributable to this longi- 
tude difference. 

Thus, the antipodal stations studied appear to reflect 
each other so well .that the additional information 
obtained by applying observed data to antipodal points 
can be considered reliable. Further studies of this 
nature would be very desirable in order to confirm 
more completely the hypothesis. 

The Bureau was for a number of years the only 
Government agency engaged in systematic ionospheric 
research. As early as 1910, scientists at the Bureau 
had investigated the correlation of ionospheric changes 
with radio transmission and reception. After an air- 
craft disaster in the European theater in 1941 had 
shown the importance of radio propagation informa- 
tion in the success cf military operations and the say- 
ing of lives, ionospheric investigations were intensified. 
and the Interservice Radio Propagation Laboratory was 
set up at the Bureau to provide the required informa- 
tion for the Army and Navy. At the close of the war, 
this activity was transferred to the Bureau completely 
and given divisional status as the Central Radio Propa- 
eation Laboratory. 
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In military applications of miniature electronic sys- 
tems, ease of mass production is as important as re- 
duction in size. This requirement has motivated the 
search for new techniques and materials to use in the 
manufacture of electronic equipment. The National 
Bureau of Standards, under the sponsorship of the 
Bureau of Aeronautics, Department of the Navy, is en- 
gaged in adapting these techniques to the production 
of more complicated swbhminiature electronic devices, 
such as broad-band, high-gain, intermediate-frequency 
amplifiers for aircraft and missiles. This work is be- 
ing carried on in the engineering electronics laboratory 
at the National Bureau of Standards by R. L. Henry 
and G. Shapiro. 

An electronic assembly is considered subminiature 
when its volume is compacted to a dimensional limit 
primarily imposed by the smallest available electron 
tube. Modern electronic subminiaturization is accom- 
plished through the cooperation of the electronics engi- 
neer, the chemist, the ceramicist, and the mechanical 
engineer. The engineering approach to this problem 
differs radically from that used in conventional elec- 
tronic design. In order to maintain the smallest 
volume, protective packaging is applied to entire as- 
semblies rather than to individual components, so that 
each assembly may be a sealed plug-in unit. The nec- 
essity for controlling not only the size but also the 
shape of components and assemblies is obvious. 

The extreme compactness brings about higher inter- 
nal temperatures than are usually encountered in con- 
ventional assemblies. Since materials which are stable 
at high temperatures are required in the fabrication of 
miniature components and assemblies, few of the com- 
monly available insulating materials may be used. 
Some of the satisfactory high-temperature insulating 
materials for miniature assemblies are ceramics, vitre- 
ous enamels, and silicone-bonded bodies. 

Low-dielectric-constant (low-K) ceramics, such as 
steatite, are used in preference to organic insulation 
material. The high-K titanate ceramics can serve not 
only as satisfactory printed-circuit base materials but 
also as miniature capacitor dielectrics. Ceramic di- 
electrics have been used throughout because of the po- 
tential scarcity of mica in times of national emergency. 
Fashioning the high-K ceramic bodies into cylinders 
makes them stronger than they would be in flat shapes. 
These ceramic cylinders are made to play a multiple 
role as capacitors, tube shields, stand-off insulators, 
and base materials for printed wiring. 

Also, because of the high temperatures encountered 
in subminiature electronic devices, high-temperature 
wire is required in conjunction with special high-tem- 
perature soldering or welding techniques. Three types 
of high-temperature insulated wire were examined by 
National Bureau of Standards engineers, and the ad- 
vantages and deficiencies of these wires were evaluated 
for various applications. Covering insulations in- 
cluded ceramics, silicone-impregnated glass, and ce- 
ramic-Teflon. When the heat generated by electronic 
assemblies is not excessive, miniaturization may often 
be conveniently accomplished by potting entire pre- 
wired bundles of components in a compound such as 
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Subminiaturization ¢ 
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Using newly developed techniques, the Bureau has succeec 
into about one-sixth the volume occupied by existing equ 
peratures encountered in miniature assemblies are mad 
paint. An inverted rotary press (upper right) has bee 
(lower left), which with other components form one coi 
amplifier (lower right). This i-f amplifi 


the NBS Casting Resin.1_ This material was developed 
by the Bureau during World War II to meet exacting 
electrical-mechanical insulating requirements encoun- 
tered in casting certain items of miniature electronic 
circuitry. ; 

The intermediate-frequency amplifier chosen for 
miniaturization embodies a type of critical circuit lay- 
out that presents the most typical problems. The mini- 
aturized amplifier was designed to have (a) eight 


_ stagger-tuned intermediate-frequency stages, a detec- 


tor, a video amplifier, and a cathode-follower output 
circuit; (b) more than 95 decibels gain from the inter- 


1 NBS Casting Resin, National Bureau of Standards Technical News Bulletin 
31 (July 1947). 
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‘trating certain components of air-borne electronic systems 
ecial tubular capacitors for use at the high operating tem- 
high-K titanate ceramic tubing (upper left) with silver 
9 print electronic circuits directly on cylindrical surfaces 

yifier stage for an experimental intermediate-frequency 
rinted electronic assemblies throughout. 


mediate-frequency input to output of the detector; (c) 
manual and automatic gain control; (d) a 60-mega- 
cycle center frequency and a bandwidth of 10 mega- 
cycles; and (e) an assembly readily adaptable to mass- 
production methods. 

Two methods of fabrication were employed in the 
construction of the miniaturized intermediate-frequency 
amplifiers. One unit (Assembly A) was developed 
using a maximum of miniature component parts based 
on standard design, whereas a second assembly (B) 
used a maximum of printed circuits. 

Assembly A was designed so that it could be readily 
manufactured by techniques similar to those currently 
employed by the electronic industry. The circuit for 


this amplifier is conventional, and all stages are laid 
out in a straight line on a metal plate 11144 inches wide 
with the interstage coupling networks located between 
adjacent parallel tubes. The subminiature tubes are 
mounted in spring metal clips that serve as interstage 
shields and improve heat conduction from the tubes. 
The compartmentation due to the interstage shielding 
inhibits feedback through the wave guide formed by 
the amplifier enclosure. | 

The steatite inductor ferms are wound with high- 
temperature insulated wire and have adjustable pow- 
dered-iron cores that may be screwdriver-tuned. In 
order to dispense with separate resistor mounting 
brackets, the resistors are mounted directly in the 
inductor forms. The end plates of these forms are 
metallized with the required pattern to interconnect 


the resistors and circuit elements when soldered into 


place. Bifilar-wound inductors are used for interstage 
coupling networks in order to eliminate coupling 
capacitors with their associated high capacities to 
ground. The amplifier contains some 38 tubular high-K 
ceramic by-pass capacitors, most of which are located 
under the bases of the vacuum tubes in ordinarily 
unused space. Most of-the metal parts are light-gage 
stampings, inexpensive to manufacture, and _ the 
principal insulating material is steatite. 

The amplifier design provides for the addition of 
prefabricated subassemblies to the main assembly at 
various points in the production line. Wiremen are 
therefore not required to handle individual components 
but only the larger, more easily handled, subassemblies. 
Few wires other than resister and tube leads are used 
to connect components of this amplifier, the remainder 
of the interconnections being supplied by printed cir- 
cuitry. The size of the amplifier exclusive of the shield 
can is 11144 by 101146 by %6 inches; no attempt was 
made to achieve the absolute minimum size. Instead, 
compromises were made to facilitate production of an 
extremely rugged amplifier. 

Assembly B, the printed-circuit assembly, was made 
to the same general specifications as Assembly A, 
which uses standard miniature components. Assembly 
B is packaged in a hermetically-sealed container ap- 
proximately %¢ inch thick, 2 inches wide, and 6% 
inches long. The basic design is characterized by 
an individual stage or subassembly type of construc- 
tion, employing changes in the printed circuitry where 
necessary to alter the function of the stage. This 
subassembly type of construction requires only four 
soldered connections between stages, making for ready 
repair and maintenance as well as production. 

The typical stage is an assembly of four major 
parts—three printed ceramic parts, and a vacuum tube. 
This design is based upon the use of a high-dielectric- 
constant ceramic cylinder, which just slips over the 
subminiature vacuum tube. On the surface of the 
cylinder is printed a major portion of all the capacitors, 
resistors, and associated circuitry. A_ bifilar-wound 
ceramic inductor form is attached to the subminiature 
tube base and to the bottom of the ceramic cylinder 
surrounding the vacuum tube. A fourth element, a 
short ceramic cylinder of high-dielectric constant, fits 
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The i-f amplifier chosen for miniaturization embodies a type of critical circuit layout that presents the most typical 


problems. 


The basic design is characterized by an individual stage or subassembly type of construction employing 
changes in the printed circuitry where necessary to alter the function of the stage. 


Only four soldered connections 


are required between stages, making for ready repair and maintenance as well as production. 


over the inductor form. In the process of making elec- 
irical connection to the vacuum tube, all four parts are 
simultaneously soldered together in an interlocking as- 
sembly. The inside of the large ceramic tube is metal- 
lized, serving both as a ground plane for the multiple 
by-pass capacitors and as a shield for the vacuum tube. 
The exterior of the ceramic tube is covered with high- 
temperature insulation on which a metallized exterior 
shield coating is applied, resulting in a completely 
shielded individual assembly. 

One of the important phases of the work being done 
by the National Bureau of Standards for the Bureau of 
Aeronautics: is the development of high-temperature 
printed resistors. Since the high-temperature resistor 
problem will not be solved by a single achievement, this 
program is a continuing one. 


Simple high-capacity printing equipment for estab- 
lishing the circuitry on the special cylindrical ceramic 
parts has been designed and constructed. Conductive 
decalcomanias have been developed as an alternate 
method of applying the required multiple circuit ele- 
ments. ‘This technique is useful in simple hand opera- 
tions as well as in more elaborate methods; for exam- 
ple, a slightly modified bottle-labeling machine may be 
used. Other production jigs and techniques to facili- 
tate the production of the intermediate-frequency am- 
plifier have been developed for greater mechanization 
of printed circuit processing. Experience gained on 
this development program points the way toward even 
smaller and lighter printed and miniature component 
assemblies. 


Performance of Portable Electrical Instruments in 


Magnetic Fields 


Most portable electrical instruments depend upon 
an internal magnetic field for their operation. A stray 
external field may, however, modify this internal field 
and make the instrument read incorrectly, particularly 
when the external field is not taken into account. To 
determine the extent of such fields and how best to 
minimize their effects on voltmeters, ammeters, and 
wattmeters, an investigation of a representative group 
of commercial portable instruments was undertaken by 
A. E. Peterson and associates of the Bureau’s electrical 
instruments laboratory. A brief study was also made 
of the stray fields about some of the more common kinds 
of laboratory apparatus. 

For this investigation magnetic fields of known mag- 
nitude, direction, and phase angle were set up about 
the test instruments by means of a pair of Helmholtz 
coils and suitable auxiliary apparatus. These coils, a 
common means of securing a uniform field in a large 
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space, consisted of two matched circular coils 1 meter 
in diameter and spaced axially 14 meter apart. A field 
uniform to within 3 percent was thus established in a 
volume large enough to accommodate the largest of the 
test instruments, 15 by 15 by 5 inches. The coils were 
gimbal mounted, allowing the axis to be swung to any 
desired azimuth and elevation. 

Auxiliary instruments, well-shielded and of high 
quality, were used as comparison standards. Placed 
well away from the Helmbholtz-coil field, these instru- 
ments were read with a microscope of low magnifica- 
tion. 

Twenty-five instruments were tested in fields ranging 
from 1 to 10 gausses. In each case the direction of the 
field and the phase angle with respect to the current 
in the test instrument were adjusted to produce the 
maximum effect on its deflection. The change in read- 
ing produced by a 180-degree reversal of the field was 


A pair of matched circular Helmholtz coils 1 meter in 
diameter and spaced axially 14 meter apart was used to 
set up magnetic fields of known magnitude, direction, 
and phase angle for studying the effects of external or 
stray magnetic fields on portable electrical instruments. 
The coils were mounted to obtain any desired azimuth 
and elevation. : 


noted for each field-strength value. One-half of the 
change, measured in divisions and expressed as a per- 
centage of full-scale reading, was taken as the value 
of the magnetic-field influence. 

In summarizing the results of the tests, the magnetic- 
field influence was compared with the manufacturer’s 
figure for the stated accuracy of the instrument. The 
latter figure, an index of the quality of the instrument, 
does not generally take account of its susceptibility to 
magnetic fields; for an unshielded instrument, es- 
pecially, the accuracy figure may be completely vitiated 
by the stray-field influence even in very moderate fields. 

On this comparison basis an analysis of the test re- 
sults revealed the following: (1) Of 11 moving-iron- 
type instruments tested, seven exhibited field influence 
values within their accuracy figures in a l-gauss field; 
in a 2-gauss field, four met this qualification; whereas 
none did in a 5-gauss field. (2) Of the seven perma- 
nent-magnet moving-coil instruments tested, two—hav- 
ing unshielded low-coercivity magnets—were affected 
by amounts comparable to their accuracy figures when 
subjected to fields of less than 1 gauss; and the other 
five—with high-coercivity magnets, or low-coercivity 
magnets combined with good shielding—behaved in a 
similar manner and could withstand 5-gauss fields or 
stronger without showing field influences greater than 
their accuracy figures. (3) Of seven electrodynamic in- 
struments investigated, one (unshielded) in a 1-gauss 
field showed a field influence of 0.9 percent, nearly 
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equal to its 1 percent accuracy figure; at 2 gausses the 
remaining six showed field influences less than their 
accuracy figures; while two of the six still met this 
qualification in a 5-gauss field. 

All data apply to the top scale points; the corre- 
sponding field influence percentages for the lower scale 


points depend on the type of instrument. For “square 
law” instruments, such as the moving-iron type and the 
electrodynamic voltmeters and ammeters, this percent- 
age remains essentially constant over the scale. With 
permanent-magnet moving-coil instruments having a 
linear scale, the field influence is proportional to the 
deflection. Thus for an influence of 1 percent at top 
scale, the figure would be 14 percent in the same field at 
half scale. 

The instrument itself (for most types) may be used 
to check the presence of harmful stray fields if its 
supply is sufficiently steady. This is done by noting 
any change in reading of the instrument for positions 
180 degrees apart, for a number of orientations. Such 
a test must be used with caution since, for some orien- 
tations, changes resulting from unbalance or displace- 
ment of the moving system might mask the field effects. 
Except for permanent-magnet moving-coil instruments 
(and for moving-iron alternating-current instruments 
in direct fields) such a check may also be made by 
reversal of the leads to the instrument. If the instru- 
ment cannot be located outside of a disturbing field, an 
orientation may be found such that a 180-degree change 
in position causes a minimum change in reading. 

In making a laboratory survey of stray alternating 
fields, Bureau engineers used a small search coil whose 


Effect of magnetic fields on moying-iron instruments. 
Note that of 11 instruments examined, seven exhibited 
field influences within their accuracy figures ina l-gauss 
field, four in 4 2-gauss field, and none in a 5-gauss field. 
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pickup voltage was measured with an electronic volt- 
meter. The magnetic field was readily computed from 
this voltage, the frequency, and the area-turn constant 
of the coil. A small commercial gauss meter was used 
for direct fields. 

Of the laboratory apparatus surveyed only a few 
items showed fields as large as ] gauss at distances of 
10 centimeters. These included the larger rotating 
machines, a |-kilovolt-ampere voltage-stabilizing trans- 
former, a 2- and a 7-kilovolt-ampere adjustable-ratio 
auto-transformer, and some of the tubular rheostats 
wound on magnetic tubes or having magnetic tie or 
slider rods. The stray fields about the adjustable-ratio 
auto-transformers were found to depend greatly on the 


loading and on the proportion of the winding tapped 
off. For such apparatus, spacings of 14 meter were gen- 
erally adequate to reduce the stray-field value to well 
below 1 gauss. 

The Bureau’s investigations show in general that the 
chief factor regarding the effect of stray fields on instru- 
ments lies in failure to recognize such effects and in 
not taking steps to avoid them. In addition, conduc- 
tors carrying heavy currents may also be a disturbing 
source of stray-field trouble in the laboratory. Placing 
such conductors as close to one another as possible, 
twisting them together, and otherwise avoiding open 
loops, will usually reduce their stray fields to a low 
value. 


Calibration of Photographic Lens Markings 


In the course of an experimental study of errors 
in the speed markings of photographic lenses, Dr. F. 
EK. Washer of the Bureau’s optical instruments labora- 
tory has devised a convenient graphic method? for 
converting each of these markings for a given lens 
to the corresponding “effective f-number”—an f-num- 
ber corrected for light losses within the lens. In this 
way it is possible to calibrate a lens so that losses of 
light frem absorption, reflection, and scattering within 
the lens are taken into account, and a more accurate 
control of the amount of light admitted to the exposed 
film is obtained. 

In recent years, photegraphic technology has largely 
developed from an empirical art to an exact science, 
making it possible for both the professional and the 
skilled amateur to control their results in a more 
scientific manner. With this progress, a demand has 
arisen for greater precision in the speed marking of 
lenses. The method now in general use is based en- 
tirely on the ratio of the equivalent focal length of 
the lens to the diameter of the aperture. This ratio— 
known as the f-number—gives no consideration to the 
great differences in the useful light transmitted by 
various lenses. 

To correct the situation, several new methods of 
marking lens diaphragms have been proposed that give 
weight to the variations in the loss ef light for different 
lenses. Not long ago, Dr. I. C. Gardner of the Na- 
tional Bureau of Standards developed a method * of 
testing the marked diaphragm openings so that values 
that entirely compensate for differences in transmission 
can be obtained and applied to the scale of f-numbers 
on a photographic lens. In this system the markings, 
known as effective f-numbers or ¢-numbers, are obtained 
by means of a photoelectric cell and a relatively simple 
photometric procedure, in which the diaphragm of the 
lens to be calibrated is adjusted to transmit the same 


* For further technical details, see Sources of error in and calibration of 
the f-number of photographic lenses, by F. E. Washer, J. Research NBS 41, 
301 (1948) RP1927. 

* Compensation of the aperture ratio markings of a photographic lens for 
absorption, reflection, and vignetting losses, by I. C. Gardner, J. Research 
NBS 388, 643 (1947) RP1803. See also NBS Technical News Bulletin 
31, 137 (1947). . 
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amount of light as a similarly placed opening of stand- 
ard size. The standard opening corresponds to an 
ideal lens of a given aperture ratio, in which incident 
light is wholly transmitted. A complete calibraton 
is obtained by the use of a series of openings of gradu- 
ated size corresponding to various aperture ratio values. 

More recently, this work has been extended by Dr. 
Washer in a study of the errors in the marking of 20 
lenses having focal lengths between 0.5 and 47.5 inches. 
During the investigation, it was found that the effective 
f-number of the ideal lens can be readily determined for 
each of the marked stop openings if the light-meter 
readings for a series of standard diaphragms. (placed 
between the meter and a light source) are compared 
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The effective f-number, or t-number, corresponding to a 

given marked f-number of a photographic lens, may be 

readily obtained by locating the point on curve 1 (light- 

meter readings plotted against effective f{-numbers) 

where the scale deflection is the same as that given by 
curve 2 for the marked f-number. 


graphically with the meter readings for the range of 
diaphragm openings of the lens. ‘Two curves of about 
the same slope are obtained by plotting the scale de- 
flections of the light meter against (1) the effective 
f-numbers or t-numbers corresponding to the standard 
diaphragms and (2) the marked f-numbers of the lens. 
The first curve will be a straight line, since the plotted 
/-numbers of the standard diaphragms give an accurate 
indication of the amount of light transmitted. The 
second curve, on the other hand, will not in general be 
a straight line unless the marked /-numbers are accu- 
rate in terms of light transmission or are affected by a 
constant error. The ¢-number corresponding to a 
marked f-number is then obtained by locating the point 
on the first curve where the scale deflection is the same 
as that for the given f-number. The value of the ab- 
scissa for this point is the corresponding t-number. An 
approximate measure of the light losses within the lens 
may be obtained directly from the lateral displacement 
of the two curves. 

The errors in marking the stop numbers of the lenses 
under study were also carefully investigated, with par- 
ticular attention to those arising from errors in focal 
length and effective aperture, either separately or to- 
sether. It was found that the magnitude of these er- 
rors was frequently as great as the difference between 
stop openings at the larger /-numbers. 
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In connection with this phase of the investigation, 
a method was developed for presenting all calibration 
information ona single graph. As logarithmic coordi- 
nate paper is used, the intervals between successive stop 
openings are equal and can be taken as the unit on each 
scale. The marked values of the /-numbers are indi- 
cated by circles on the graph and the values of the cali- 
brated /-numbers, or t-numbers, are indicated by crosses 
and plotted against the true geometric f-number (the 
quotient of measured equivalent focal length and meas- 
ured effective diameter of the stop opening). <A 
straight line is drawn through the crosses, and a dotted 
diagonal line with unit slope is also drawn. If there 
are no errors in the marked /-numbers—that is, if the 
indicated f-number equals the true geometric f-num- 
ber—all the circles ‘will fall on the dotted line. On 
the other hand, if the circles do not fall on the dotted 
line, the error in f-number can be easily estimated from 
the curve as a fraction of the interval between stop 
openings. 

All of the crosses would also fall on the dotted line 
if the transmittance were 100 percent. The displace- 
ment of a cross from the dotted line is thus a measure 
of the transmittance of the lens at that stop opening. If 
the crosses fall on a straight line parallel to the dotted 
line, the calibration is consistent and the measurement 
of the true geometric /-number is correct. 


Technical Session on Bone Char Research 


The first Technical Session on Bone Char Research 
was held on January 27 and 28 at the Naticnal Bureau 
of Standards in Washington, D.C. Conducted jointly 
by the Bureau and the industrial sponsors of its work 
in this field, the Session was attended by representa- 
tives of sugar refiners and bone char manufacturers 
in Canada, England, Scotland, and the United States. 
Only those sponsors in Australia and South Africa were 
unable to send delegates. 

Fourteen formal papers presented as many aspects 
of the problems of the industry, and discussion periods 
following each presentation provided opportunity for 
exchange of ideas on many technical questions relating 
to refinery operation. One-half day was devoted to 
each of the following subjects: Bone char kilns, test 
procedures, filtration operations, and basic research 
on the properties of bone char. 

Approximately 9,000,000,000 pounds of raw cane 
sugar are refined annually in the United States, requir- 
ing the use of reughly half this weight of bone char. 
Since this is obviously many times the amount of bone 
char in stock, the success of the bone char process de- 
pends largely upon the efficiency with which the char 
can be revivified so that it can be used many times. 
Prior to 1939, detailed basic knowledge of the bone 
char process in sugar refining was very meager. To 
fill this need, a research program was initiated at the 
National Bureau of Standards for study of the funda- 
mental nature of bone char and other solid adsorbents. 
Interest in the project has steadily increased until today 
industrial supporters of this work include almost all 


of the cane sugar refiners and bone char manufacturers 
of the United States as well as those in Canada, Eng- 
land, Scotland, Australia, and South Africa. Research 
that cannot conveniently be undertaken by any one of 
the cooperating sponsors is conducted in the labora- 
tories of the Bureau, whereas problems requiring plant 
facilities for their solution are studied in a number of 
individual refineries. The purpose of the Technical 
Session held at the Bureau was to inform the industry 
of the present status of the research program and to 
permit informal discussion of problems of mutual 
interest. 

The session devoted to char kilns brought out a 
number of interesting points. Emphasis was given to 
the need for further research and development work 
to produce modern designs fer char drier, kiln, and 
cooler. The desirability of much wider application 
of modern methods of chemical engineering in the 
refining industry in general was also pointed out. 
Material improvement was foreseen in the effective 
utilization of heat now wasted, provided the heat in 
flue gases could be made directly available. First, 
however, it will be necessary to study the possible 
chemical effect of flue gases in direct contact with bone 
char. A design for a cooler was described in which 
the thermal efficiency was greatly improved. 

In the session on test methods, the existing test pro- 
cedures for bone char were closely examined. These 
tests are highly important in view of their daily use 
as a measure of the efficiency of regeneration of the 
char. In addition, the tests must serve as a criterion 
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for the long-range evaluation of the condition of the 
bone char. One of the characteristic properties of a 
char is its content of carbonaceous matter. A new 
method was described by which this property can be 
determined very rapidly. The importance of a decolori- 
zation test was discussed at some length; such results 
furnish a direct measure of the value of the char for 
the final use to which it is put. Other tests discussed 
were concerned with the underburning and overburning 
of char, the value and constancy of pH, and the volume 
of gas evolved by heating under controlled conditions. 
Bulk density, heat of wetting, surface area, and the rate 
constant for combustion were proposed as bases for 
test procedures to provide information for long-range 
evaluation. 

The session on char filtration brought out the con- 
tribution of ion-exchange reactions on the surface of 
the char in removing inorganic impurities. The fun- 
damental organic chemistry involved in invert forma- 
tion in sucrose solutions was reviewed with particular 
emphasis on the role of pH. The ion-exchange reac- 
tions were shown to affect the pH of char-filtered 
liquors. In a paper on “sweetening-off” of a char 
filter—that is, the removal with water of the sugar 
solids remaining in the filter at the end of the cycle— 
a technique was described for plant-scale as well as 
laboratory operations that should prove of real prac- 
tical value. In view of the large quantities of water 


consumed in washing a bone char filter, this operation 
also received its share of discussion. Several practical 
suggestions based on the results of bone char resear 
and confirmed by plant-scale experiments were enthu 
astically received. Of considerable interest was the 
presentation of the first technical paper on a particu- 
larly promising synthetic substitute for bone char, 
Possible changes in world economic conditions affectin 
the marketing of bone make this new material of utmost 
importance to the sugar refining industry. 3 
Because of the limited time available and the wide 
scope of activities in progress, it was possible to discuss 
only a few representative problems in the session d 
voted to basic research. The reaction of oxygen w 
bone char was recognized to be very complex, and the 


of bone char was discussed as made evident by electron 
microscope and X-ray diffraction studies. Considera: 
tion was also given to theoretical aspects of the effect 
of size and shape of columnar retorts on the heating 
of bone char. Condensing vapors were suggested as 
a highly efficient heating medium for bone char retorts. 
These problems are not only of interest to producers 
and users of bone char but are fundamental to the study 
of solid adsorbents in general. 
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